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Revisiting the role of magnetic field fluctuations in nonadiabatic acceleration
of ions during dipolarization
M. Nose´,1 Y. Ono,2,3 S. P. Christon,4 and A. T. Y. Lui5
Abstract. Using energetic (9-212 keV/e) ion flu data obtained by the Geotail spacecraft, Ono
et al. (2009) statistically examined changes in the energy density of H+ and O+ ions in the
near-Earth plasma sheet during substorm-associated dipolarization. They found that ions are
nonadiabatically accelerated by the electric fiel induced by the magnetic fiel fluctuation whose
frequencies are close to their gyrofrequencies. The present paper revisits this result and find
it still holds.
1. Introduction
Using 10 years of energetic (9-212 keV/e) ion data obtained
by the suprathermal ion composition spectrometer (STICS) sen-
sor of the energetic particles and ion composition (EPIC) instru-
ment on board the Geotail spacecraft, Ono et al. [2009] statis-
tically examined changes in the energy density of H+ and O+
ions in the near-Earth plasma sheet (X=-16 RE to -6 RE ) during
substorm-associated dipolarization. For more than 50 events of
dipolarization, Ono et al. [2009] plotted the k ratio (i.e., the ratio
of the spectral index before and after dipolarization) as a func-
tion of χ (=τB/τC, i.e., the dipolarization time scale divided by
the gyroperiod of ions) for both H+ and O+ ions (see Figure 7 in
Ono et al. [2009]). In this, following was observed: (1) whether
χ is close to 1 or not, almost all events are distributed above the
k ratio line of 1 for both H+ and O+ ions and (2) there is no
tendency for the k ratio to increase as χ approaches 1. These
results led Ono et al. [2009] to conclude that the magnetic fiel
variations over the time scale of dipolarization is unlikely to be
essential for the acceleration of ions. Meanwhile, an objection
was recently made to the above conclusion. In the objection,
the frequency distribution of events in the k ratio was examined
by using data from Figure 7 in Ono et al. [2009] (Figure 1a).
It was argued that the frequency distribution for O+ ions shifts
towards larger k ratio values than the frequency distribution for
H+ ions. This provides evidence for ion acceleration by a mag-
netic fiel change on the time scale of dipolarization, which is
the viewpoint developed in Delcourt et al. [1990, 1997].
2. Analysis and Result
The focal point of this rebuttal is whether the sentence in
the objection, “It is clearly apparent : : : that the O+ profil : : :
spreads towards k ratios larger than that those of H+ : : :” is cor-
rect or not. In this addendum, the statistical significanc of
this sentence is examined. First, we calculate the mean value
and its standard error of the k ratio for H+ and O+ ions. Re-
sults are log10(k ratio)=0.1970.026 for H+ ions and log10(k
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ratio)=0.2340.035 for O+ ions, which are plotted in the top
part of Figure 1a. The ranges of the mean value largely over-
lap each other, statistically indicating that there is no differ-
ence in the mean values of the k ratio between H+ and O+.
Thus, we believe that the current statistical analysis does not
support the objection. Second, we examine which ion has a
larger number of events in each bin of the k ratio. As shown in
Figure 1b, this is based on the idea that if the frequency distribu-
tion is Gaussian and the distribution for O+ is shifted towards
higher values of the k ratio than that for H+, O+ will have a
larger number of events than H+ in each bin when the k ratio is
larger than its mean value. Thus it is expected that the number
of bins of n(H+)<n(O+) is larger than that of n(H+)>n(O+),
where n(i+) denotes the number of events in each bin for the
ion species i+. On the other hand, in the range of the k ratio
where it is smaller than its mean value, H+ will have a larger
number of events than O+ in each bin. Similarly, the number
of bins of n(H+)>n(O+) is anticipated to be larger than that of
n(H+)<n(O+). In Figure 1a, we take the mean value of log10(k
ratio) as 0.2155 (=(0.197+0.234)/2) and count the number of
bins to complete Table 1. When the k ratio is larger than its
mean value, the result in Table 1 is consistent with what is ex-
pected from the frequency distribution for O+ shifting towards
higher values than that for H+. However, when the k ratio is
smaller than its mean value, this is not the case. The objection
is therefore not strongly supported by this analysis.
3. Summary
In summary, we consider that the assertion of the objection
is not statistically justifie from Figure 1a and the conclusion
of Ono et al. [2009] still holds. However, it should be noted
that this addendum does not completely rule out the possibility
of the acceleration of ions by magnetotail dipolarization. This
acceleration process is numerically well confirme by Delcourt
et al. [1990, 1997] and also examined in Figure 6 of Ono et al.
[2009]. In some events where the time scale of the magnetic
fiel reconfiguratio is comparable to the gyroperiod of ions,
in particular, for O+ ions, this acceleration process becomes
important. Future studies will include a numerical investiga-
tion of the relative importance of ion acceleration between the
magnetic fiel change on the time scale of dipolarization and
the magnetic fiel fluctuation in a shorter time scale causing
quasi-resonance with ions.
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Figure 1. (a) The frequency distribution of events in the k ratio
for H+ ions (blue line) and O+ ions (red line). The original data
taken from Figure 7 of Ono et al. [2009] are used. In the top
part, the mean value and its standard error (SE) of the k ratio are
displayed with a triangle and a horizontal bar, respectively. (b)
Examples of the Gaussian frequency distributions, which shift
towards higher/lower values of the k ratio for O+/H+ ions.
Table 1. Number of bins that satisfy conditions regarding the k
ratio and comparison of the number of events between H+ and
O+. n(i+) denotes the number of events in each bin for the ion
species i+.
n(H+)>n(O+) n(H+)=n(O+) n(H+)<n(O+)
log10(k ratio)  0.2155 2 0 4
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O+ ions have larger number
of events than H+ ions
in each bin of k ratio.
H+ ions have larger number
of events than O+ ions
in each bin of k ratio.
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